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Materials and Methods
The magnesium salt of phosphoribosyl pyrophosphate and After the water-methanol wash, the wick was cut off and discarded, and the sheet was thoroughly dried. The sheet was then developed sequentially in four different sodium formate buffers without drying in between, as follows: 30 s in 50 mmol/L, pH 4.5; 30 s in 0.5 mol/L, pH 4.6; 2 mm in 2 mol/L, pH 4.6; and then in 4 molfL, pH 4.7, until the solvent front reached the top of the sheet.
The developed sheet was thoroughly dried, covered with a piece of x-ray film, and exposed 24-48 h. When the film was developed, the activity zones appeared as dark spots.
For quantitation of enzyme activity, the standards were viewed under ultraviolet light and the spots were cut out, placed in scintillation vials with 15 mL of Aquasol, and counted in a liquid scintillation spectrometer (LS 250; Beckman Instruments, Fullerton, CA 92634).
Results
On autoradiography, the hair roots of normal controls During the development of the assay, the HPRT and APRT reactions were run separately and the reaction mixtures analyzed by "high-pressure" liquid chromatography (20) . We found ( Table 1 ) that the yield of product in both reactions was more than doubled by including the nucleotidase inhibitor aj9-methylene adenosine diphosphate. Also, the quantity of product formed in both reactions was linear with time, at least up to 8 h. In both reactions an amount of the corresponding nucleoside was produced equal to 1-3% of the main reaction product. In the HPRT reaction 0.9% of the IMP produced had been converted to xanthine monophosphate. When the APRT reaction was conducted in the absence of monovalent cations, less than 1% of the AMP produced was converted to IMP. If the APRT reaction was supplied with 100 mmol of potassium per liter, the physiological activator of adenylate deaminase The main advantages of this system over previous methods of heterozygote detection are sensitivity, reliability, simplicity, 0 6 0 and the relatively short time in which it can be performed. The 0 6 0 entire procedure requires 48 h (24 h if scintillation counting is substituted for autoradiography). In contrast, at least six 8 4 weeks are required for tissue culture-autoradiography methods (5, 14, 15 ) and more than three weeks for cell-se-12 0 lection methods (16) (17) (18) . Furthermore, it is always possible 25 5 0 that tissue culture methods will produce a single population 19 9 2 of cells from an explant from a heterozygote; this does not constitute a problem if the population is HPRT, for then it is clear that the subject is a heterozygote, but if the population happens to be HPRT, the subject would be assumed to be normal.
Silvers et al. (EC 3.5.4.6), then approximately 12% of the AMP produced was converted to IMP. We detected no other labeled products. Quantitation of the reaction products in controls after separation by TLC showed that the AMP/IMP ratio varied from 1.6 to 0.6. The ratio increased with storage of the hairs at -20#{176}C because of the relative instability of HPRT. HPRT hairs showed an AMP/IMP ratio of >20. The absolute number of counts varied in each case according to the number and condition of the sheath cells on the hair root. With very fine hairs, which contained few cells, we found it useful to increase the incubation time to 4-8 h, apply 5-10 AL of reaction mixture, or increase the exposure time of the x-ray film to 72 h or more. If the lysates are frozen after spotting, the chromatography and autoradiography can be repeated until satisfactory results are obtained. The data obtained from the screening of the hair roots of 10 individuals are shown in Table 2 . In normal individuals all of the viable hairs assayed were HPRT, and in patients with the Lesch-Nyhan syndrome all of the hairs assayed were HPRT.
In each of the four heterozygotes assayed there were two populations, one HPRT+ and one HPRT; in these samples the number of HPRT hair roots always exceeded the number of HPRT hair roots.
Discussion
The conditions of the reactions have been chosen so that potentially interfering enzymic reactions (Figure 2 ) are in-ATP lIP tube, and separated the reaction products by high-voltage electrophoresis.
The sensitivity of this method is greater than other methods of heterozygote detection from hair roots because the addition of a,$-methylene adenosine diphosphate doublestheactivity to be measured. Methods in which two labels, 3H and "C, must be discriminated (4, 6, 10) sacrifice considerable sensitivity in favor of discrimination in the actual counting process. Using the method described here, we have been able to detect carriers whose hair roots did not contain enough enzyme activity to permit detection with other methods. The use of APRT as an internal standard makes the method highly reliable. Furthermore, because only a small amount of each sample is analyzed, any questionable results can be checked by repeating the analysis.
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